For solving inverse gravimetry problems, efficient stable parallel algorithms based on iterative gradient methods are proposed. For solving systems of linear algebraic equations with block-tridiagonal matrices arising in geoelectrics problems, a parallel matrix sweep algorithm, a square root method, and a conjugate gradient method with preconditioner are proposed. The algorithms are implemented numerically on a parallel computing system of the Institute of Mathematics and Mechanics (PCS-IMM), NVIDIA graphics processors, and an Intel multi-core CPU with some new computing technologies. The parallel algorithms are incorporated into a system of remote computations entitled "Specialized Web-Portal for Solving Geophysical Problems on Multiprocessor Computers." Some problems with "quasi-model" and real data are solved.
INTRODUCTION
In investigating Earth's crust structure, important inverse problems of gravimetry are the problem of finding the density variable in a layer [1] and the structural problem of reconstructing the interface between some media [2] . The gravimetry problems are described by linear and nonlinear integral Fredholm equations of the first kind, that is, they are severely ill-posed problems. Some ideas of iterative regularization are used in the development of methods for solving such problems [3] . On discretization with iterative processes, the problems are reduced to systems of linear algebraic equations (SLAEs) with ill-conditioned dense matrices of large dimensions (several hundred thousand elements). Increasing the accuracy of the results of solving such problems, specifically, by using finer grids, greatly increases the calculation time.
Important problems in investigating Earth's crust inhomogeneity are those of geoelectrics. A key problem of geoelectrics is lateral logging sounding (LLS). The logging data are interpreted to provide bed resistivity data that are close to real ones. Paper [4] shows that a finite-difference approximation reduces a two-dimensional LLS problem to SLAE with a block-tridiagonal matrix of large dimensions.
The efficiency of solving geophysical problems can be greatly increased and the calculation time, decreased by paralleling the algorithms involved and using multiprocessor computation systems. At present, many Russian research institutes and universities have cluster-type distributed-memory massively parallel supercomputers. At the Institute of Mathematics and Mechanics UrB RAS (Yekaterinburg), parallel computing systems PCS-1000/17EK, PCS-IMM, and a supercomputer "Uran" have been successfully used to solve applied problems. * E-mail: aen15@yandex.ru ** E-mail: rtfdeamon@mail.ru *** E-mail: out.mrscreg@gmail.com
There is a global tendency to use multicore hybrid computers with graphic processors (video cards) as computation systems to solve applied problems. In comparison to the PCS supercomputers, the hybrid computer systems based on graphic processors are cheaper and use less energy. The Institute of Mathematics and Mechanics UrB RAS has a hybrid computer cluster based on a video accelerator NVIDIA Tesla.
In this paper, we solve the linear inverse gravimetry problem of finding the density in a layer by iterative gradient-type methods and the nonlinear inverse gravimetry problem of reconstructing the interface between some media by using a regularized Newton's method. Some SLAEs with block-tridiagonal matrices arising in geoelectrics problems are also solved. For this, we construct efficient parallel direct and iterative algorithms. The algorithms are implemented on multiprocessor computing systems of various types: a multiprocessor complex PCS-IMM, graphic processors NVIDIA, and a multicore Intel processor. The efficiency and optimization of some parallel algorithms for solving geophysical problems on hybrid computing systems are investigated. The parallel algorithms are built in a system of remote calculation called "Specialized Web-Portal for Solving Problems on Multiprocessor Computers." Some problems with "quasi-model" and real data are solved.
METHODS FOR SOLVING INVERSE GRAVIMETRY PROBLEMS 2.1. Problem of Finding Density in a Layer
Consider the problem of finding the density variable σ 
Assume that the density distribution σ = σ(x, y) in the layer does not depend on z (the z axis is directed downwards). This assumption provides the solution uniqueness for a laterally inhomogeneous density. If the density depends on z, in a general statement there exists a continuum of solutions.
The problem of finding an unknown density σ(x, y) is reduced to solving the following linear twodimensional integral Fredholm equation of the first kind:
where f is the gravitational constant and Δg(x, y) is the gravitational effect generated by sources in a horizontal or curvilinear layer. Preliminary processing of the gravitational data to separate an anomalous field is performed using a method proposed by P.S. Martyshko and I.L. Prutkin [5] . We discretize the equation on a grid where Δg(x, y) is given, and approximate the integral operator using quadrature formulas. Then problem (1) is reduced to solving a system of linear algebraic equations (SLAEs) with a symmetric positive definite matrix (horizontal layer) or with a nonsymmetric matrix (curvilinear layer). Since Eq. (1) is an ill-posed problem, the SLAE obtained by discretizing the equation is ill-conditioned and can be transformed to the following form (the Lavrentiev scheme):
where α is a regularization parameter.
In the case of a curvilinear layer, the initial SLAE matrix is nonsymmetric. Therefore, the system is preliminarily transformed to the following form (the Tikhonov scheme):
where A is the transpose of matrix A, and α is a regularization parameter.
